overnight fasting from an antecubital vein after subjects had been seated for 15 min. Samples were centrifuged at 4°C, plasma was separated and analyzed or frozen at Ϫ 80°C until analysis. For lipoprotein isolation and plasma lipid profi le (TC, TGs, HDL-C, and LDL-C), samples were processed within 2 h after collection. Plasma glucose, TC, and TGs were determined by commercially available enzymatic methods. The phosphotungstic acid-Mg 2+ precipitation procedure of apolipoprotein (apo) B-containing lipoproteins was used before quantifying HDL-C. Quality control of lipid measurements was assessed through standardization to the Center for Disease Control and Prevention (Atlanta, GA). LDL-C was estimated using the Friedewald equation modifi ed by De Long ( 19 ) . Serum levels of all lipids were determined within 48 h after drawing blood samples.
Isolation of HDL
HDLs were separated by ultracentrifugation in a Beckman optima TLX table centrifuge at 110,000 rpm in 3.2 ml polycarbonate tubes as described previously ( 20 ) . Briefl y, total apo B-containing lipoproteins (density < 1.063 mg/dl) were obtained after 2.16 h, whereas total HDL (1.063 < density < 1.21 g/ml) took 2.5 h. Under these conditions, 80 to 85% of total plasma apo A-I was recovered from the HDL fraction without apo B-contamination. HDLs were dialyzed against 0.09 M Tris/ 0.08 M boric acid/3 mM EDTA (TBE) buffer, pH 8.4.
Enzymatic staining of cholesterol on polyacrylamide gel
HDLs were separated by their hydrodynamic diameter in an 8 × 10 × 0.15 cm nondenaturing 3-30% gradient polyacrylamide gel electrophoresis, using TBE during 24 h at 170 V as previously described ( 3, 4, 17 ) . Twenty fi ve micrograms of HDL protein sample, corresponding approximately to 10 µg of cholesterol, were deposited per well.
Gels were stained for cholesterol using an enzymatic mixture of cholesterol esterase, cholesterol oxidase, and peroxidase at a fi nal concentration of 0.075 U/ml, 0.05 U/ml, and 0.25 U/ml, respectively, in a 150 mM NaCl, 8.6 mM Na 2 HPO 4 , 1.4 mM NaH 2 PO 4 buffer (PBS), pH 7.4. The reaction mixture also included 3 mM sodium cholate, 0.1% Triton 100×, 0.4 mM MTT, and 0.6 mM PMS. In a fi rst series of experiments, we directly submerged the electrophoresis gels in the reaction mixture. In order to enhance the cholesterol staining, we further added Noble agar at 1.0% or carboxymethylcellulose at 1.4% as viscosant agents to the reaction mixture. For the Noble agar, 100 mg were heated in 10 ml the buffer reaction until dissolution, cooled to about 40°C, and then the enzymes were added. The fi nal concentration of enzymes was as described above. Electrophoresis gels were kept in contact with the reaction mixture containing the viscosant agent during 1 h at 37°C in the dark. At the end of the incubation time, the reaction mixture was removed and the gels were gently washed in PBS to eliminate any remaining residue of agar or carboxymethylcellulose. Electrophoresis gels were then scanned in a GS-670 BioRad densitometer (scan 1), distained with methanol:acetic acid:water 5:2:13, and further restained for proteins with Coomassie R-250. Afterwards, gels were again scanned (scan 2). The relative proportions of each HDL subclass determined by protein were estimated by optical densitometry analysis of scan 2, using as reference globular proteins (thyroglobulin, 17 nm; ferritin, 12.2 nm; lactate deshydrogenase, 8.2 nm; and albumin, 7.1 nm; high-molecular weight calibration kit, Amersham Pharmacia Biotech, Buckimghamshire, UK) that were run in the same gel ( 3, 4, 17 ) . Relative proportion of each HDL subclass is expressed as the percentage of the total HDL area under the curve, integrated from 7.94 to 13.59 nm.
toward small HDL particles ( 15, 16 ) . In addition, some subjects with severe hypoalphalipoproteinemia who do not develop CHD have a high proportion of small HDL ( 9 ) , suggesting an atheroprotective role of these particles.
The existing methods for the estimation of HDL subclasses involve the determination of at least one of their components. NMR, vertical autoprofi le-II (VAP-II), as well as selective precipitation are based on HDL lipid content for estimating subclasses ( 5, 8, 17, 18 ) , whereas protein is the HDL component determined in other methods, such as two-dimensional electrophoresis ( 10 ) and PAGE in native conditions ( 17 ) . Because small HDL particles are protein rich and lipid poor, whereas large particles are the contrary, the relative proportion of HDL subclasses is dependent on the component determined for the quantification. The wide variety of methods used for determining HDL subclasses may explain, at least in part, the apparent controversy concerning which is the most antiatherogenic fraction of HDL. Therefore, the aim of this study was to develop an enzymatic cholesterol staining method to determine HDL subclasses in a polyacrylamide gradient electrophoresis gel, which further allows staining by protein in the same electrophoresis lane. In the fi rst step, the enzymatic procedure specifi cally stains cholesterol on the gel. In the second step, HDL proteins are stained, and in both cases, the HDL subclasses distribution is determined by optical densitometry. This new method has two main advantages: it could be quantitative, and the HDL subclasses can be estimated also by protein for every sample in the same electrophoresis lane.
MATERIALS AND METHODS

Materials
Cholesterol esterase, cholesterol oxidase, and peroxidase were purchased from MP Biomedicals (Selem, OH). Sodium cholate, Triton 100×, thiazolyl blue teratozolium bromide (MTT), phenazine methosulfate (PMS), carboxymethylcellulose 5-cholesten-3-one, cholesteryl palmitate, and cholesterol were from Sigma-Aldrich (St. Louis, MO). Noble agar was purchased from Becton Dickinson (Franklin Lakes, NJ).
Study subjects
One hundred and twenty individuals between 18 and 85 years of age were recruited in the department of Endocrinology and the Outpatients service of the National Institute of Cardiology, Mexico. Volunteers without personal or family history of type 1 or 2 diabetes, pancreatitis, high blood pressure, angina pectoris, and CHD were accepted. All subjects had a fasting glucose of <110 mg/dl, a body mass index (BMI) of < 32 kg/m 2 , total cholesterol (TC) of < 220 mg/dl, triglycerides (TGs) of < 200 mg/dl, smoked fewer than fi ve cigarettes per day, and had normal hepatic, thyroid, and renal functions, as assessed by routine laboratory analyses. All the participants gave their informed consent to take part in the study that was approved by the Ethics Committee of the National Institute of Cardiology "Ignacio Chávez", Mexico.
Laboratory assessment
All patients were instructed to avoid strenuous exercise and to eat a light dinner the day before blood drawings were performed. Blood samples were obtained in EDTA tubes after 12 h by guest, on September 21, 2017 www.jlr.org HDLs were isolated from this pool by ultracentrifugation and further separated on the basis of their hydrodynamic diameter by nondenaturating electrophoresis in a 3-30% PAGE, as indicated in the Methods section. The enzymatic method for the assessment of the HDL subclasses required a gel-phase reagent to enhance the intensity of the cholesterol staining, because a part of the formed products were washed away by the buffer and the mechanical agitation needed during incubation in an aqueous solution ( Fig. 1 ). Both carboxymethylcellulose and Noble agar enhanced the intensity of the staining signal as compared with the enzymatic mixture in buffer without viscosant agent as it can be observed in the corresponding densitograms ( Fig.  1 ) . We fi nally chose carboxymethylcellulose at 1.4%, because the staining intensity is better than that obtained with Noble agar. Moreover, carboxymethylcellulose is soluble in the buffer at room temperature, avoiding heatingcooling processes that are necessary for agar solubilization. The best cholesterol staining with the lower background was obtained between 60 to 75 min of incubation (Supplementary Fig. I ). This new procedure to stain cholesterol is linear for total HDL between 5 and 30 µg of protein deposited by well in the electrophoresis gel ( Fig. 2 ). For HDL subfractions, the method is linear from 5 to 25 µg of protein for HDL 2b, 2a, and 3a, from 5 to 30 µg of protein for HDL3b, and up to 40 µg of protein for HDL3c ( Fig. 2 ).
To rule out the possible infl uence of polyacrylamide gradient on the enzymatic reaction, i.e., the lower the polyacrylamide concentration, the higher conversion of cholesterol to cholestenone, we determined the % of conversion of substrates to products during 1 h using HDL labeled with [ 3 H]cholesterol as described in the Methods section. The mean percentage of cholesterol conversion to cholestenone was 58.9 ± 7.9% for the whole HDL (n = 5). Concerning the HDL subclasses, the mean percentage of conversion was 55.7 ± 6.1, 51.4 ± 5.1, 49.0 ± 8.6, 52.2 ± 12.8, and 56.0 ± 5.2% for HDL2b, 2a, 3a, 3b, and 3c, respectively; there was not any signifi cant difference among these values (ANOVA test P = 0.606).
For the assessment of the intra-and inter-assay coefficient, we obtained a pool of plasma from fi ve healthy volunteers. HDLs were isolated and separated on the basis of their hydrodynamic diameter by nondenaturating electrophoresis in a 3-30% PAGE. Cholesterol and protein were sequentially stained, densitograms were obtained, and analyzed as mentioned above. Samples were run in duplicate and the reported values are the mean of the two determinations. Under these conditions, four samples and the corresponding duplicate of the reference globular proteins were run per each electrophoresis gel. The intraassay coeffi cient of variation (CV) of the method was 6.9% as assessed after 32 repetitions of the same sample in eight independent gels. The mean inter-assay CV was 4.3% as determined with the analysis of the same sample in 25 independent electrophoresis gels.
Once the conditions for this new method were established, we determined HDL subclasses distribution in 120 subjects without clinical history of CHD. Table 1 shows the lipid profi le and clinical characteristics of the subjects inThe relative proportion of HDL subclasses by their cholesterol content was determined in scan 1 using the migration distances of the reference globular proteins obtained from the scan 2. Considering that the area under the curve in the densitogram represents 100% of the cholesterol in the HDL, the cholesterol plasma concentration of each HDL subclass was estimated as follows: HDLn-C = (% HDLn determined by cholesterol × HDL-C)/100 where n represents the HDL subclass, and the HDL-C is the HDL cholesterol plasma concentration. 
Analysis of the enzymatic reaction homogeneity
In order to determine whether the enzymatic reaction is homogeneous along the polyacrylamide gradient gel, we used HDL labeled with [ 3 H]cholesterol as we have previously described ( 4 ) . By this procedure, 90% of the radioactive cholesterol within the HDL was esterifi ed, whereas the remaining 10% remained as free cholesterol. Radiolabeled HDLs were then separated by electrophoresis as described above; as a consequence, the radioactive label was distributed along the whole sample in the electrophoresis lane. After the migration time, we monitored the conversion of cholesteryl esters and free cholesterol to cholestenone in the sections of the gel corresponding to the HDL subclasses. For this purpose, polyacrylamide gels were stained for cholesterol using the enzymatic mixture and scanned as described above. The sections corresponding to the different HDL subclasses were cut, lipids were extracted with chloroform:methanol 2:1, the organic solvent was evaporated under nitrogen stream, and the sample was resuspended in 75 µL of toluene. Cholestenone, cholesteryl esters, and free cholesterol were separated by thin layer chromatography in silica gel plates (Sigma Aldrich) using petroleum ether:ethylic ether:acetic acid 90:10:5 as mobile phase. Spots were identifi ed using cold 5-cholesten-3-one (R f =0.07), cholesteryl palmitate (R f =0.71) and cholesterol (R f =0.20) as standards, scratched from the plate, and counted for radioactivity in a liquid scintillation analyzer (TRI-CARB 2200CA, Packard). The rate of conversion of cholesterol to cholestenone was estimated by dividing the counted radioactivity of the cholestenone spot by the addition of the radioactivity corresponding to cholestenone, cholesteryl esters, and free cholesterol. The results were expressed as % of conversion.
Statistical analysis
Central tendency and dispersion measurements were estimated by conventional methods. Comparisons between multiple groups were assessed by ANOVA test. Normal distribution of the variables was evaluated by the Kolmogorov-Smirnoff test. The signifi cance of the differences among parameters between men and women was tested by the Student's t -test for normally distributed variables. TGs values were logarithmically transformed for parametric statistical analysis. Comparisons of nonnormally distributed variables were performed by Mann-Whitney U and Wilcoxon tests for independent groups and paired variables, respectively. Partial correlations adjusted by age and gender were performed and statistical signifi cance was set at P < 0.05. Unless otherwise indicated, values are expressed as mean ± SD for variables with normal distribution and as median and interquartile interval for nonnormally distributed variables. Statistical analysis was performed using SPSS V 11 software.
RESULTS
For the assessment of the optimal viscosant agent and to test the homogeneity of the enzymatic reaction along the gel, we obtained a pool of plasma from fi ve volunteers. Fig. IIA ) . The most important differences were observed in HDL2b and HDL3c; when subclasses were assessed by cholesterol, HDL2b were about 60% cluded in the study. For comparison purposes, data of women and men were analyzed separately.
Concerning the analysis of HDL subclasses, the relative proportion of HDL2a and HDL3c determined by cholesterol did not have a normal distribution. In contrast, the relative proportions of all HDL subclasses determined by protein were normally distributed ( Table 2 ). In agreement with previous observations ( 7, 18, 21, 22 ) , the relative pro- cholesterol, whereas HDL2b, 2a, and 3c reached a significant difference when they were stained by protein ( Table  2 ) . HDL2a, 3a, and 3c correlated with the age of the subjects when they were determined by protein ( Table 3 ) . As a consequence, when we compared the relative proportions of HDL3a determined by protein and corrected by age, they reached a signifi cant difference between men and women ( P = 0.001). In contrast, only HDL2a and HDL3c showed a signifi cant correlation with age when they were determined by cholesterol content ( Table 3 ) .
We further calculated the cholesterol-to-protein (C/P) ratio as an indicator of HDL composition for each HDL subclass. As expected, HDL2b had the highest C/P ratio, and this value decreased gradually along the HDL subclasses up to the HDL3c, which had the lowest ratio ( Table  2 ). When we compared the C/P ratio between men and women, we observed that only the HDL2a subclass differed more abundant, whereas HDL3c were about 35% lower than the relative proportion obtained by protein content ( Table 2 ) .
Total HDL2 (expressed as a percentage of the total HDL) was considered to be the summatory of HDL2b and HDL2a, whereas total HDL3 was the summatory of HDL3a, HDL3b, and HDL3c relative proportions ( Supplementary  Fig. IIB ). Using this estimation, when subclasses were determined by cholesterol content, HDL2 represented the most abundant fraction of HDL (62.2% [55.4-67.5]), and HDL3 was the least abundant fraction of total HDL (39.3 ± 11.5%]). In contrast, when they were determined by protein, the HDL3 was the most abundant fraction (56.9 ± 9.8%) whereas HDL2 was the least abundant fraction (43.0 ± 9.8%) of HDL ( Supplementary Fig. IIB ) .
HDL2b, 3b, and 3c subclasses were signifi cantly different between men and women when gels were stained by cholesterol plasma concentrations. There were only three correlations observed between the C/P ratios and the CHD risk factors included in the analysis. Interestingly, the glucose plasma levels did not correlate with any relative proportion of HDL subclass determined by protein, whereas glucose correlated with HDL2a expressed as cholesterol plasma concentrations ( r = 0.328, P = 0.001).
DISCUSSION
In the present study, we developed a new method for the specifi c staining of cholesterol on a polyacrylamide gel. The specifi city of the enzymes guarantee that only cholesterol was detected by this method; when cholesterol oxidase or peroxidase was omitted from the reaction mixture, there was not any detectable band on the gel (results not shown). By this procedure, we were able to perform a densitometric analysis for the semiquantitative determination of HDL subclasses. Densitometric analysis of Coomassie blue-stained gels has been extensively used for the quantifi cation of the relative distribution of HDL subclasses ( 3, 4, 15-17, 20, 23 ) . In this context, the enzymatic method developed in the present study allowed cholesterol and protein staining on the same electrophoresis lane.
Because the content of polyacrylamide increases along the gel, it was possible that the substrates could be easily reached by the enzymes at low polyacrylamide concentrations as compared with the more concentrated sections of the gel. In order to rule out this possibility, we measured the conversion of cholesteryl esters to cholestenone at 1 h of incubation using a radioactive label. The radioactivity of cholesteryl esters, free cholesterol, and cholestenone was signifi cantly; men had a slightly higher (about 8%) content of protein than women in this HDL fraction ( Table  2 ). However, the C/P ratios for the other HDL subclasses were comparable between men and women and they were not age dependent (data not shown).
The relative proportions of HDL subclasses determined by cholesterol staining were transformed to plasma concentrations, as indicated in the Methods section, and the results are shown in Table 2 . Women had higher plasma cholesterol concentrations from large HDL2b and 2a particles, whereas men had signifi cantly higher HDL3b and 3c cholesterol plasma levels.
We additionally investigated for possible statistical associations between HDL subclasses determined by cholesterol, HDL subclasses-cholesterol plasma concentrations, and C/P ratios with blood pressure, BMI, and waist circumference. HDL relative proportions, HDL subclasses cholesterol plasma levels, and the C/P ratio had different association patterns with the analyzed risk factors ( Table  4 ). The correlations between the waist circumference and the relative proportion of HDL2b, 3a, and 3b were conserved when they were transformed to the corresponding late when it was determined by cholesterol. These results suggest that HDL3a subclass changes its composition with increasing age. In contrast, HDL2a and 3c correlated with age when they were determined by either cholesterol or protein, suggesting that these subfractions remained of constant composition over time. Therefore , the potential clinical application of HDL subclasses could be higher when both components, protein and cholesterol, are used for their quantifi cation. Until now, only NMR and selective precipitation have offered quantitative results for HDL subclasses ( 5, 8 ) . In this context, another advantage of our new enzymatic method for cholesterol staining on electrophoresis gel is the possibility to generate quantitative results for HDL subclasses. The polyacrylamide gradient gel for the estimation of HDL subclasses has been described as a semiquantitative method ( 17 ) , and the relative proportions obtained by this method are interdependent, i.e., when one HDL subclass increases, the others decrease ( 15, 17, 23 ) . This interdependence could be considered one of the most important limitations of the quantifi cation of HDL subclasses by PAGE. Therefore, the possibility of transforming the semiquantitative data to plasma cholesterol concentrations of HDL subclasses offsets that limitation. For this reason, although men had a relative proportion of HDL2a comparable to that of women [14.1 (12.6-16.1) vs. 14.1 (13.3-15.4) %, respectively, P = 0.501] the plasma cholesterol concentrations of this HDL subclass differ by gender (6.2 ± 2.4 vs. 7.3 ± 2.4 mg/dl, for men and women respectively, P = 0.016). Therefore, quantitative analysis expressed as plasma concentrations offers more accurate information about HDL subclasses than that provided by the relative proportions expressed as a percentage of total HDL. In summary, we described an enzymatic procedure to specifi cally stain cholesterol on electrophoresis gels. By combining this procedure and protein staining with Coomassie blue, we demonstrated that the relative proportions of HDL subclasses differ as a function of the HDL component used for quantifi cation. The C/P ratio for each HDL subclass as well as their cholesterol plasma concentration may also be estimated by our enzymatic method. The potential clinical applications of this methodology should be tested in future studies. measured in the section of the gel that corresponded to the fi ve HDL subclasses. Our results demonstrated that there was not any signifi cant difference in the percentage of substrates converted to products along the electrophoresis gel. Therefore, we concluded that this enzymatic method is homogeneous along the polyacrylamide gel gradient and none of the HDL subclasses are over-or subestimated.
As has been observed in previous studies using other methodologies, the relative proportion of HDL subclasses determined by cholesterol is notably different from those determined by protein ( 7, 18, 21, 22 ) . On the basis of our results, the existing controversy regarding whether the small HDL or the large HDL is the most antiatherogenic fraction ( 6, 11-13, 24, 25 ) could be related to the method that has been used as they may not be comparable. Furthermore, this study suggests that both protein and cholesterol should be used for the quantifi cation of HDL subclasses because they potentially offer different information. The main disadvantage of the protein staining by Coomassie blue is that the method cannot be quantitative; to our knowledge, there is no procedure that selectively assesses HDL-total protein in plasma. The protein fraction, particularly apo AI of HDL, has been used for the quantifi cation of HDL subclasses in two-dimensional electrophoresis ( 10 ) . Other components of HDL such as phospholipids and triglycerides may also be used in the quantifi cation of subclasses. Because HDL subclasses differ in lipid composition, the HDL size distribution is expected to be different as a function of the lipidic component used for enzymatic staining. Moreover, HDL subclasses plasma lipid concentrations may provide more relevant information about atherosclerosis risk and about HDL metabolism. The validity of these suggestions should be demonstrated in future studies.
The simultaneous determination of cholesterol and protein allows for the estimation of the C/P ratio of the HDL subclasses. This ratio may be considered as indicative of HDL composition ( 26 ) ; even though we did not directly demonstrate the validity of this statement, the fact that the C/P ratio gradually decreased from HDL2b to HDL3c is congruent with the notion that large HDLs have a higher content of lipids, whereas small particles are protein-rich ( 13, 26 ) .
To explore the potential clinical value of the different parameters generated in this study, we performed a correlation analysis between HDL subclasses and some variables associated to the cardiovascular disease risk. Our results clearly showed that the HDL relative proportions, HDL subclasses cholesterol plasma levels, and the C/P ratio had different association patterns with the analyzed risk factors; on the basis of these observations, we suggest that the new parameters derived from this study extend the possibilities to better assess the CHD risk. Hence, our study justifi es future research on the potential clinical usefulness of these new parameters.
Our results also demonstrated that HDL2a, 3a, and 3c subclasses were correlated with age when they were determined by protein, whereas HDL3a subclass did not corre- Supplemental Material can be found at:
